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MORSE: A FUNCTIONAL QUERY LANGUAGE
AND ITS SHMANTIC DATA MODEL

MOKRANE BOUZEGHOUB

SABRE Project, INRIA and University of PARIS VI
Domaine de Voluceau Rocquencourt B.P. 105

78153 Le Chesnay Cedex FRANCE

ABSTRACT: A Semantic Network Model is a triple SN(NC,AC,IC) characterized by
the category of nodes CN, category of arcs AC and category of constraints IC.
All these categories are carefully described with some basic predicates. To
manipulate this Semantic Network, a Functional Language is proposed. It
consists of a set of built-in functions, primitives and derived forms, and a
set of functional forms which are expressions composed with the formers.
Properties from both functional and derived forms are deduced and query
examples illustrate the use of MORSE.

KEY-WORDS: Data Models, Semantic Networks, Relational Model, Functional
Programming, Set Theory.

RESUME : Un réseau sémantique peut &tre d4fini comme un triplet SN(NC,AC,IC)
caracterisé par 1la catégorie de noeuds CN, la categorie d'arcs AC et la
catégorie de contraintes IC. Toutes ces catégories sont précisiment decrites
avec des predicats de base. Pour manipuler ce réseau, un langage de type
fonctionnel est proposé. Il consiste en un ensemble de fonctions prédé&finies,
les primitives et les formes dérivées, et un ensemble de formes fonctionnelles
qui sont des expressions composées 3 1'aide des précédentes. Des propriétes
sont déduites aussi bien sur les formes fonctionnelles que sur les formés
dérivées et des exemples de requétes illustrent 1l'utilisation de MORSE.

MOTS-CLES: Modeéles de Données, Réseaux Sémantiques, Mod2le Relationnel,
Programmation Fonctiounelle,Théorie des Ensembles.
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1- INTRODUCTION

Currant research on Samantic Natworks incorporates two trends in computar
Science:  Databases and Artificial Intellizsnce. Both domains ars conzarnead
with formally reprasenting ths knowledze w2 have of a 3iven Real World. But
unlike other structuring data models waich are baszd on sither a tneory
(relational model) or on standards (DBTG-CODASYL model), Semantic Networks
suffer from a lack of this unity. A Ldox it Lna2 litaratuce in tnz fiz2ld leaids
a3 to conclude tnat thzsre ara as many Semantic Networks as authors. Tnis is
due to the non-uaiforamity of tha vozabulary; 2acn autaor using tns specializad
language of the domain of application Wnich interssts nim. If w2 takas a
closar 1look at the diffarent models, nowaver, we zan extract 3 set of 3 vary
useful concepts adopted by most of tinem. These concepts will constituts the
nain framework of our ssmantiz network. This papzr aims to provide a powerful
languags to pracissly dessaribe and to nanipulats tnis semantic network. In
ths s2c0ad sectiod, w2 define this semantic astwork as precissly and formally
a8 possiblza. - The third szction raviews tnhe assential 2laments of fuactional
programmning as definsd by BACKUS [BACK78] as wall as tas derivad applizations
for databasss. The fourtn and fiftn sa2ctions spacify our particular
application, MORSE, of functional programming in order to manipulate thz
senantic nstwork defined in thz szeond section{ Tne sixtn seztion sunnarizas
some general propartiss and constraiants of the samantis natwork, wWnica ars

described by our fuactional languagzs.

é— DEFINITION OF A SEMANTIC NETWORK.

We call a3 aestwork a set of lapelled nodes and labslled arcs liankiaz taese
nodes. Th2 ssmantics of this network is expressad by a precise classification
and identification of the nodes and ares, and, possibly, by some 2o0astraings

on =sach node or arc. A sanantic astwork mod2l may be defined by ths tripla
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SH(NC,AC,IC) wnara NC rapraszats tas nodz categories, AC th2z arc catagoriss

and IC tns iategrity conatraiab catsgoriss.

2-1- NODZ CATEGORIES

(]
0]

Eaza nods ia the SN b2lonzs to one of thz following catazori

* ATTRI3UTE  * VALUS

, g
Ko

LY R OINSTANLE

4

az diffsr2ncs bztw22a  thz (ATTRIBUTE,VALUZ) coupls on tnz ona nand 2aad tas
(ENTITY, INSTANCE) moupla on tnz2 othzr nand, lies 1in tn= atomicity of tanz
2oac2pts. W2 ~oasider - thzn, taat attrioutes add valuas arz atomiz conecspts,
Wn2r21s 2atitiss and ianstancas ar2 noleéular 2onczpts ouilt fron tas foeanze.
for 2xampl2, if W2 arz adot zoncarnad Wita thz s rﬁcture of tnz steinzs of
Jnéracters, NAME  aad NATSON ars atqnic concapts (attrioutz aad valus
raépectivaly), wnilz PER3ON is a coostructed‘conoépt puilt fron NAME, AGE and
ADDRESS. 'But 2 DATE 11y be considarad as aa 2atity if w2 ars intzarestzad ia its
steucturs of DAY, MONTH aand YEAR , 1ad as an attrioute if we considar it 3 3
unijquz valus. TIa tals papar, w2 will nobt 20nsidar tnz z2as2 ia.dnich an oojzact
nay o2 looxad at as aa 2atity (or iastanc2) and as an atteiouts (oc valuz) 3o

th2 san2 tin=.

W

Tas diffarsacs batw22a tne (ATTRIBUTE,ENTILY) coupls H ta2 oaz aaad and
taz  (VALUE, INSTANCE) eduple oa taz otazr li2s in tns descriptivé rolz of tnz2
forner and tas ref2rancial rolz of tﬁe latter. For 2xanpls, aay VZHICLE nay
92 dascrioad by its MAKE, its LICENSE JUMBER aad 1it3 COLOR. Bat 1 partizular
veaizls nay lbe raferancad oy vilues assiznad to its MAKE, its LICENSE_NUMBER
and its COLOR. |

Bazh aoda2 #ill tnzn alwayé 02 d2fiazad accordiaz to th2se two ohtnjgonaL

aspacts. Tas fiest nay o2 3onsidzar2d a3 aa iatzqtional defianition aad tas

s2cond as an 2xtznsional dafianitioa. In tnz terninolozy of taz Ralatioaal

nors29/9/33 3 ' . Bouzazaoud



Mod=1l, wz find =exactly taz sam2 coacepts of attrioute and value. An antity
Sorrasponds to CODD”s rzlation and tns iastance of an antity corresponds to 2
Eupls of a ralation. Bubt waile a reliational schama coataias only th2 20acepts
of entity, attridbute and Fuactioaal}dependen:iaa bebweanyattributes, 32naatiz
a2bwor«s 2naols us £ nave all of tnasz conczpts availaple at tha sans tinz in
1 schzna as w2ll a5 31 gr2at variaty of arces. Ths following sub-saction deals

Aditn thz2sz2 differaat aros.

2-2~ ARC CATEGORIES

Ar2s  arz plgcey into catezorias despanding on wastaar tazsy liak aodas of tas
sam2 or of djiffzraat categories. We distiaguisa tarze catazoriss of arss
anizn acs portrayad in Fizure 1. Bach typs of irc is dafinad by its zitezory

{or th2 nodz catezorias it liaks), its orieatitioa and a predizate 3p22ifying

W

its s23maatics. T5 idzatify =2aca tyn2 of arz taus dsfianed, w2 will zive it 1
nan2 Waizn may o2 zoasidarzd as 1a 1dstrazt of oota  its 2atazory and  ics

pradizata. Taas 23ach type of arz will o2 d2finad 33 31 8oola2an funzation:
ARC-NAME: NODE-CATEG.1 X NODI-CATEG.? —=c-- > {TRUE,FAL3E}

ARC-NAME(ai,aj) I = 1if thz sznantios given oy tnz aanz of tn2 arc 2xists
d3tw23n al aad aj and Falsz othsewisz. Taz fiest n2mdee of the coupls (ai,nj)
ladizabzs taz orizia of tas are and taz s2200d nzuoce Lts harzat. Wita =aza

are, W

w

nay  associabts its  iavarsz wWnizh 42 Will 2aly rafzr to if it is ;f
tatzrast La taz followiaz séetions. darzaftee, w2 Wwill raviaw son2 of Ltaszs:
diffzar2at typ2s of ar2s. 3ut first, st EN o2 tna s2t of all 2atitias, AT :az
-set of all attrioutes, VA tns set of all valuss of all attrioutas and IE taz

33t of all iastaaces of all 2ntitisas.
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1) ARC3 LINKING ZINTITIZS/INSTANCES AND ATTRIBUTES/VALUES

Arcs liaking entitiss and atteibutes daseridz ths structurz of an 2atity aoda2
oy ziving its 2onpoasnts oe 3pacifyiag tnat 1 nods is a part of tnes steructurs
of anntnzr node. Th2se ars 2xactly thz same e2latioasnips as tnose kaown ia
tnz factory undsr tne nan2 of "nonenclaturs rslationships” expresszd batwz2a
-produzts. Ia our case, thzy ire raprasanted by tns two following ares:

3¢t AT X BN =mee- > {T,F}
a(at,=2a) = T if at is a1 part of th2 structurz of 2a.

o : EN X AT —-eee > {T,F}

p(2n,at) = T if =2n i3 composzd of at.
W2 33y that tass2 arcs dafia2 intz2ationally aa 2atity. Fron tna2s2 two - kiads
’nfl 1r23, w2 nay radefiaz the 20 hﬂépts of agzrazatioa zivaa oy [3MSM77] as taz
uaion of ar2s "a" coavargziaz on thz sane aoda. A pacticalarizatioa is jafianzd
a3 thevuaion of arzs "p" gbing out fron tnz sanz adde. In tne followiag
saztions, w2 will 213ll thasz accs az3rzzition aad particuLaEization ares or

SanLy ares a and p.

Note 1: Taz sane ar2s dafinzd ostwe=a EN and AT nay o2 daclarad o3tw32a [E 1ad
VA. Sinc2 21210 noda balongs to a sp2cific catzazory, tazes is ao coafusid’a to
d2c1lares Ca2s2 ares oebd=en entitias and attrioubtas on on2 nand aad o2twaza
instancas and valuss oa the otnar aand.

Note 2: As witn all aomanclabtuarz r2latioasaips, waza an object x i3 ouilt feon
anothar objazt y, 42 3ive w~nab is called taz zathariag Factor of tna latter.
Tais supplemnantary zonstraiab is discussad ia ssztioan [2-3].

nors329/9/83 5 ' Byuz2zaoud



0) ARCS LINKING ENTITIES/ATTRIBUTES AND INSTANCES/VALUZS

[n2se ares associate a valuz wita 2aca given attribute aode and an iastanes
with =23cn given entity anods. W2 c2all them classifizatioa  and instantiation
ares, raspectivaly. Tnay defin2 aa 2atity or an attriobute oy 2xtension. An
instantiation arc "i" is definzd as: '

i EN X IE ~emes > {T,F}
i(en,iz2) = T if ie is a possible oczurranze of =qa.

Its invers2 is the arc ¢ waicn 3pscifiss tnat 2a is a possiole abstractioa of

ie. In tas sams way, W2 dofinz taz following arces petwzzn attributas and

c) ARCS LINKING NODES OF THE SAME CATEGORY
Harz, w2 will oaly coasidzr thz noda catzgoriss BN and AT and subsaguzatly
look at thz otnars.

(1) G2naralization/Spzcialization aras.

As  for azir 2zatina/particularization, 3zesnsralization nay o2 dafiazd as tas
union of ares 3 coavergiag on the sine ndde. Likswis2, taz spacialization is
d2finad 3s tne uaion of arcs 3 zoiaz out from tas sams andz. Taz 3/3 ires nay
02 Jdefined according to two diffzreat but comp)ementary vieﬁ poliats:

- R2lating to the 1l fL“atan/LQ:tinbLitLOQ ares: I'ns zaaeralizabion are

2orrespoads to a racursive applicition ovze &4 OF taz 2lassifizacisa ara. It

Ls tas sane for tae spaciilization arz ia ralatioa to tna LnSDlﬂDLitLDﬂ acs

3 3 c
e o o enm enmenmie
N T e T 7
3 3 i

Usiaz s=t tasory terninolozy, ths are o 3Xprassas ta2 m2amoersaip r2liationsaip
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(€) wnile ths arc g expressas the inclusion rslationsnip (<).

- Rslating to tne nodas : Genaralization/Spacialization ares z2xprass tas

diraction in wnich tne innecitaace rulss ars applisd. Taus, if =ni i3 1a
I3nsralization of =2aj (or iaversely, if 2nj is a spacialization of 2=ni) tazn
2aj inherits all ths propertizss of =ai. Formally, ia tais case, z/s3 ares ar:

dafined as:

3t N X BN =mm-=> {T,F

z(anj,=ai) = T if 2ni gives its propartias to =n3.
5t EN X BN —mmmm > {I,F} .

s(2ni,=aj) = T if 2nj innzrits taz proparties of =ani.

Tness dafiaitions of z/s ares may b2 racucsively applizd over EN.
Nota 1: Oftzn, espacially in Artificial Intellizance, 2 ares ars callad "is-a"
arcs.

Notz 2: Somstinzs, z/3 arcs may ligswisz bz defiaed as relationsaips linkiaz a
concaept tdo a meta-coacspt.

Notz3: Tazsz concepts of gensralization/spacialization ars not significaat, if
daclarad, ia th2 catazory of instances If.

(2) Association arecs,

Tazs2 arz all ares 412032 sanantiz2s is dz2finsd eaca tinz oy aay pradizate otazsre
ﬁhan bhbée alreoady d=finsd. Gzasrally, tﬁey ars definéd p2tw22n two 2antitias,
two instancas or an instance and aa 2abity. In tanz =xamplz zivaan ia Figurs 2,
"anrollad”", "loves" and "likes" oorr2spond  to tais type of arc. Inzir
samanticsldepends oan 2iacn applizatioa ©o oz deserioded. daviaz a0 a priorci
andladge of taes2 ares, W2 Will nareafter'represeat'tnen oy taz syndol ¢ ind
call tham applization ar2s. or associatioa  arcs. For =xanpla, if aa
aésociation i3 d=sclarzd o3tw22a btwo =2atitias:

P i BN X AN meeem > {T,F} ‘
r(eni,2nj) = T if thers e2xists aay association oztwaza zai aad eaj.

In fact, w2 #4111 use r 13 a1 daclarative coastructor of assoziations; a3 42 us2

tns daclarative statement TYPn Eo crzate naw types in PASCAL 13anzuaza. For.

20rs29/9/33 7 _ : 35uz2309u0
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COURSE
A w
Y3 \
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\
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L4 o
CLASS ¥ COURSE = COURSE NAME

Fiz. 2: 41 2xanpls of 1 szmaatiz astwork.

2xampls, to dazlare ths application ares "loves", "sacollad" aad "iixes", A2
us2 tnz following statementsﬁ

arc-nanz(X,Y) => r(CAT&G1,CATEGR)
4a2c2 X and Y ars node variables, r is a2 pradefinad predicats waica  statas
taab arec-nans is an association aad CATEG1 and CATEG?2 are tas cateazorias for
waich X and Y ar2 tnz instanzes. For 2xampls,

earollad(X,Y) => r(EN,=N)

loves(X,Y) => r(IE,IR)

likas(X,Y) => r(IE,&N)
After thess dafiaitions, w2 mnay uss tnesz associatioas to dascrios facts of
tns rzal world exactly as it was doas With bpasic ares i/p, 3/s5 3ad /i

2arollad (STUDENT, COURSE)

loves (808, JANE)
1ices(B0B, PERSON)
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Since =2ach arc may aave 1its iaverss, we can dsclars it witn tn2 followiag

definition: loves => inv(is-loved-by) whera inv is a predefianed predicate.

2-3- CONSTRAINT CATEGORIES.

A constraint is any pradicate wnich ‘can  contribute to a more praeise
definition of 2 aodz  or an arc. W2 will not examias nere 31l tae types of
zonstraints Ouﬁ only those wanicn s2am to bs a ‘necessary ‘conplamant tb . taz2
astwork w2 have adopted. Thase codstfaiats may b2 expressad 2 has, by
additional aodes, addiﬁional,arcs or any pradicate specifiad by the MORSE

55

lanzuaza. Ws outline tarzzs types of constraiats nars:

1) THE INTERSECTION CONSTRAINT

[n taz exampls r3praszated Fizurz 2, we snow that EMPLOYEE nay 2itnzr oe a

TZACHER or a2 STAFF. MEMBER. W= do aot, aowaver, spacify wnstaer thas:
3tatameants - are sxclusive or not. To.capture_this samaatics, it would tanza o2
23irabdls to add 3 naw 5onstbaint linking tha 3 aras going.out fron tnz aode

EMPLOYEE. Tnis constraiat nay o2 rzpresented by an arc waizn liaks two arces

EMPLOYEE
3 N 3
e

TEACHER STAFF,

Fi1, 3: An iitzesection aco.
13 300wWn in Figurz 3. W2 will 322 latzr tnat tais constraiat may o2 fornally
axpress2d by cardinalitiss.

‘W2 may adopt tn= sanz reasoning for STUDENT and INSTRUCTOR ia ralatisn to

PERSON. 8But tais coastraiat is too wids as it would allow us to say taat a

norse9/9/33 9 Bouz2znoud



STUDENT mnay o= a1 PROFESSOR, waich, aaturally, is anot exact in tna univarsity
contaxt. W2 must aowsver absolutely spacify that a STUDENT may 52 an
INSTRUCTOR 1ad vice varsa. To\express this constraiat 1like tanes preczsdiag

o2, W2 nust create a3 traasitive closuee of s ares oetwa2an INSTRUCTOR and

PER3ON T —

n EMPLOYER

\\w
~
”
]
—3
5
=
o
oL
i
-

STIDENT _ INSTRUCTOR

Fiz. Mgng teaansitive closurs of s.
PERSON (s22 Figzurs U4). Tais 3olubion erzates 1 eszdundant ars waiza W2 1o ot
oW wWinstaner thls arc i3 desicadls or aot it taz curraat 3taz2 of sue
iavasiization,

Taz two prazeading 30lutinas arz oaly possiols waza a Z2nzric nodz  2xisis.

Taus, ian tn

(0]

casz in wnicn a PERSON wis ast 2r2ated ia Figuce 2, tals way of

Q.

u

5
[47]
©
"3
(w
Ui
w
[
o
—
o

Uy
Ul

n 1 coastraint fails. To palliate tals proolam, W2 aava
tastad the2s solutions:
(1) Wz may 2r21te 31 virtual g2n2ri2 aode avery tinz tais typz of 20asteaint

irisss oztw22a two aodas and fiad sursalves oask it ta2 fiest 2as2 (Fizuez 5).

3// 3
. N .
i
STJD3ENT ' ,IMSFRUCFQR !

Fiz. 5: A viectual zsazric aoda.
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But this solution dozs not work ozcause it is not easy to spscify tnz pracise
3emantics of X. If X stands for PIRSON, th2 constraint is plausible put if X

stands for TENNIS CLUB MEMBERS, for 2xample, w2 may suppos2 tnat a mano2r is

PERSON } TENNIS-CLUB-MEMB.

-
\ -
-

[V}
\
i

: b\/
STUDENT

INSTRUCTOR

_;__Fi _
€~ - -

Fig. 7: A coafliztual soastraiat.

ax2lusivaly snrollad as 3 STUDENT or as aan INSTRUCTOR; tasn ths constraiat is
arong. ~ If the two coatexts may 2xist togstasr, it e2ally b2comss an anoizuous

i
" 3ituatioa (Fizure 5).

(2) W= coasider STUDENT and INSTRUCTOR taamselvas as z2naric nodas and  z2reats

an  interssction nods STUD_INST wnicn is both bas spacific aosde of STUDENT and

INSTRUCTOR
AN
\
\
, \
/ \
S , 3 N3
/' . N
e _ ¥_ . » A D I
: STUD=-ONLY : [ STUD-INSTR. ‘ INST-ONLY
| 1 ! ¢
\ | ) |

“iz. T: An intsesaction adda.

INSTRUCTOR (Fizur=2 7). Tais zorrasponds to tns aotion of convarzant e2liation
of [LEGET3]. But to b2 20mplatz, w2 must cr2abs tns complansntary spscifie
nodes STUD ONLY and INST ONLY. Taz sans ramarks aoout tnz r2dundance of arss

nolds azrz for tnzs radundaanzz2 of aod=s.
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(3) Taird, w2 may create a nsw type of arc callad an intersaction arc waich
Links STUDENT and INSTRUCTOR:

STUDENT<-™2. _> INSTRUCTOR

I'nz samanticzs of tnis arc is : a3 STUDENT may Dbe an INSTRUCTOR and an
INSTRUCTOR may be 13 STUDENT. Tais arc, 1labsllad @b, i3 d=2finzd by tnz
following predicate:

no (STUDENT, INSTRUCTOR) = T if 3x € IE / i(3TUDENT,x) = T
and 1i(INSTRUCTOR,x) = T.

Tais 3arc could easily os mappad to ths pravious represantation. Tais i3 tnz
solution that w2 will x22p nereaftar and that we will geazralize aven to tae

przzsadiaz casas.

0) THE FUNCTIONAL DEPENDENCY CONSTRAINT
Dz2finsd batw=2n two attributes, this zoastraiat exprassas tnal 3ine ssmaaticzs
13 taz fuactional depaandency of ta=s Rzalational Model, =2van if thz contaxt §f
rslation in waich it nas baza dafinad ia tas Rzlatioanal Modal ié aot
siznificaat ners. In fFact, tnz s2mantizs w2 would lix=2 to 2Xprass aar2 i3 tas
following: gzivea two odbjects x and y, w2 3ay taat y is fuactionally dapandaat
on X if,'from the «nowlzdge of x, w2 caa d=ducs tnat of y. W2 will raprasaat
tnase ares as follows:

d : AT X AT ~ee-e- >.{T,F}

d(ati,atj) = T if atj is functionally dspandant on ati

~ (or if ati dsterainss atj).

Tas sane predicates nay be d=clarad batws2a two valu23, two =2atitiz2s or two

inastanzas.,
2) THE CARDINALITY CONSTRAINT
tnis constraint sp2cifizs thne numbar of arcs of tas 3am2 typ2 outzoiagz tas

3in2 nddz or, ia othar words, aoWw many nodes ar2 c2oaa2zted Ly a3 ziven aode

nors29/9/33 12 © Bouz22a0ud



Enrouzn the same type of arc. If this ﬁumber varizs bstweea two bounds, tazn
tnis constraint will bs razpresantsd by a zouple fm,nl. »

To illustrate Enis constraint, 1ot us take a classic example from-
management of nomanclatuce rslatioaships of products. Waesn a produst Pt
saters iato thz composition of anothar produst P2, w2z must specify ths
Zatharing factor, tnz number of copies of P1 nacessary to produce P2. Ia our
case, if an entity PERSON is built from the attributes NAME, FIRST-NAME and
ADDRESS, W= must spscify that a given parson nay navsa onz nams, oan2 first name
aad taraz addrassas for z2xample. Tais i3 snown in Figur3v2 oy 3implz arrow or
doublz arrows on tnz p aras. But this number may vacy from on2 parson to
anothar. Thus w2 will répresent tais by a pair of wvalues [m,n] spacifying taz
minimun and ths maxinum zathsring factors. W2 will 2all this pair of wvaluas
cardinalitiss. W2 may zanszralizs ﬁhese cardinalities to =zach typz of arz but
tney 4o aot nave thz sane meaning nor the sams importance for ill of taen. A

nors formal dafiaition of this coastraiant will o2 zivan in sactioa 6.

3- REVIEA OF FUNCTIONAL PROGRAMMING AND LANGUAGES

Acéording to Backus, i1 Functioaal Ladguage (FL) must coatala tas Followiaz
comnponsats: .

(1) A s2t O of opjzets wanian ars =sitaze atons or seqdenoes of obj=cts. Tna
uadsfinad objsct, |, and taz empty ssquencs, 9, ire included in tais set as
w2ll as tas logzical valuzs Truz (T) and Falss (F).

(2) A 32t F of prinitive fuastions Lixé +,~,%,20d,5r,n0t,...

(3) A 32t FF of fuactional forms waizn allow ©o definz naw functions oy
composiﬁion 3ad construction laws applizd to péinitives. For examéLa,
f.3:x=20(3(x)) is a composition wailz (F,3):x3<F(x),3(x)> aad (p=-->f33):x = if

p(x) tasa f(x) =2lsz 3z(x) ara coastructions. 3ackus zivas mors taan twaaty

‘composition and construction laws [BACKT3].
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(4) A 32t D of definitions tnat define sonz new functioans using functional
forms and assizn 1 name Lo 2ach. A dafinition nas the form: Def 1 = r wnare:l
is ths naw function and r a-functional form (composition or coanstruction).

Inspirad Dby tais functional programning (FP) and tne otasr ipplicativa
languazass such a3 LISP and APL, sevaral resa2arcnses ian DB ar2a nave proposad
fuactional data nodels 2aad functional quary laaguages. Wz shall refar
ner2after to Bunezman s and Saipman’s works on FQL and DAPLEX, two functional
juary languazes. Tans rzlated data nodals sugzest tnat most ralatioasnips
amoag data will b2 repraseatad as mabasmatical functioans dafinad ovar basia or
coastructad donaias. Taus tae objects PERSON 2nd NAME, ratnzr tnan b2ing ad
anbity and - an  abttribute of tanils eabtity raspectively, will oe declared as
fuactions. Ia DAPLEX [SQIP31], Eaesz declaration statements ara:

DECLARE PERSON() ===>> ENTITY
DECLARE NAME(PZRSON) ===> STRING

BNTITY and STRING arz basie domains, PER3SON and NAME ars faactions waizn, ia
tura, 2ould b2 oullt-ia domaias over whizn otaze fuastions could o2 dazlarad,
For 2xampla: |

DECLARE STUDENT() ===> P&RSON
PERSON and STUDENT arz zoro-idiz fuactions wnilé NAME is 1 ﬁono-adic fanction.
PER3ON répresents 1 320 of =2ntities (douolz arrow), NAME represaﬁts 1 3tring
of charaztars.

In FQL, th2 pravious statameats arcz writbtza as follows:

PERSON: —==> VENTITY
NAME:  PERSON  ---> 3TRING | ‘
STUDANT: —==> PERSON

VENTITY dzaotes . a3 32t of =ntitiss. Tae zzro-adiz Functiosas 2ava a0 kaowa

ocizia domain. Aa FQL quary is a fuaactional fora waian may aavs tns fornm:
!PERSON, ¥NAME ;

dnsre *NAME denotas tne 33t of nanzs of paopls. Tane p2riode staads for a

2omposition of functions. Tas asxt Juary
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1PERSON. | MARRIED. *NAME;
Zlvas tha s3t of namss of narriad pzople. W2 have supposad tnat MARRIED was.
praviously dafin=2d as 3 Bool=aa function:
MARRIED: PERSON ---> BOOL
In DAPLEX, tha2 first query will be writ;en as follows:
For each PER3ON print NAME(PERSON);
and tne sacond:
For 2azh PERSON
sucn that MARRIED(PERSON)=Trusz
priat NAME(PER3ON);
Tnz two statzmants above snow that DAPLEX nas 2mbaddad tnz functional foras in

1 peocaedural lanzuaze wasr2as FQL statamants ars oaly declarative. Tasse Ewo

~applications of FP to D3 1l2ad tnsir autnors to radafins a Diatabase as a

collaction of perimitive functions aad functional forms [3UNF32]. Taes:
functions depand oa each application and arz defiaed oy tne ead usece.

In tas followihg 322tions, w2 3nall peopos2 a laazuazs of thz sans class
and charastarizad by two aspaets; First,.it nas 1 32t of bpuilt-in Ffuactions
and 31 32t of wvariable application funcbionsv avary tinz d=fina2d oy taz2
and-usar. Sa2coad, it opzratass on a Semantiz Natwork wniza cepreszats a 33t of

facts daseribing thz Real World.

4- SUMMARY OF THE MORSE LANGUAGE

W2 2an d=fine MORSE languaze is a tuplz (3N,PF,FF,DF) waera SN i3 taz szt of

objacts waicn corraspond to taabt of taz s2mantiz aztwork dafiaed previously,

PF i3 th2 33t of primitive fuactions, FF i3 tas sat of funztidsanal forams iad DF

i3 ths sat of desrivad foras.

4-1- THE 3ET OF 03JECTS

Tnis set is composad-of all eategories of nodes of tas Samaatiz Natwork
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dafined 1ia section 2 iacludiang the ampty set, ¢, the undefinad ooject, 1, and

tnz logical values T and F.

4-2- THEZ PRIMITIVE FUNCTIONS

1) CONSULTING PRIMITIVES

dith 2ach typs of arz f, definad from a given domain D to a givea domaian A, we
defins 3 primitivs Funcztion F ovar tha domaians D and P(A):ZA and wnica scans

taz ares f. P(A) is tnz sat of parts of A.

F: D weemm >P(A)

F(x) = A" =PQ) / ¥y € A7, F(x,y) =T

F(x) = ¢ if tnara doas adt exist any y conasctad to x by f.
F(x) = T if x do2s not bzloaz to D.

For 2xampls, from tnz arc p, w2 dafiaz thz fuaction P as follows:

P: BN —meee > P(AT)
P(en) = AT’ = P(AT) / ¥at € AT?, p(=a,at) = T

Fiz. 3: Ta= priaitiva fuaction P.

Mais functioa r3turans tns 33t of abttrioutes “at” liakad to aa 2atity ‘ea” oy
tas p ares. Ia Fizurz 3, tas lapzllad aipzr-are P represzats a 2lustar of »p
arzs. In tnz sane way, w2 nay 4afias the fuaction I:

I: AN —eem- > P(IZ)
[(ea) = I8’ =P(IZ) / ¥i= € IE’, i(2n,i2) = T

waich  ratuens taz all iastaacss *i2’ of tas 2atity “=n" (Fizur2 9). As wita
P, I illustrates 3 cluster of i ares ia Fizure 9. Eaca peiaitiva F 13y aava

2itasr a2 sinpls aode or a1 33t of nodes as arzunants:
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EN

F({X1,X2,...,Xn}) = {F(X1),F(X2),...,F{Xa)}

providad that F bz dafianzd for =2acn Xi. For sxample,

P( {PERSON, EMPLOYEE} )

{P(PERSON) , P(EMPLOYEE) }
{ {NAME, FTRST NAME,ADDRESS}, {33, TEL, RANK} }

IE

Tais =guation seems Llike 2 combination of tn2 prinitive F wita tas famous

MAPCAR 2oncapt of LISP. Tns

corr2spoading £o tas dasic ares:

[N p— > P(EN) or

Gt BN —meee > P(EN)

C: IE ~—===> P(EN) or

R: BN ——=we > P(EN) or
or

In tnes sanz way, W& can declars

o) CONSULTING WITH RESTRICTIONS

aza sat, rasaltad from tas

x5}

following pradicates:

followiaz 1list sunmirizas

=
<3
=

20 00
(]

pravious primitivas,

LT(F(X);Y) = {x € F(X) / x<Y}

wnz2er2 LT 3tands for "1la233 tnan"

F(X) arz conparad. In taz sanz way, w2 may d4zfias tas fuanctioans GT (),

(=), GE (>=), LE (=) and NE (#£).

and Y taz valuz wita

For 2xampls, £o 32lackt all btnz az2s lass

tna

prinitivas

tne symneteric functions P, 5, I aad R-1.

may b2 filtzrad oy tnz

Wnich

-
oz

2qual 20, we weits: LE(T(AGE);20). To simplify tae fuactional

forns,

iatroduczs taz usual conoinabion of ¥Y1<=x<=Y2 33 3 function and w2 ~ill d=notz

it BT (for bpztween).
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BT(F(X);(¥1,Y2)) = {x € F(X) / Y1<=x<=Y2}
For sxample, to sslact all tha marks l2ss tnan 10, W2 writa:
LE(T(MARK);10)
and to szlzct tns all salariss betwsen 5000 aand 7000, we write:
BT(I(SALARY); (5000,7000)).

Note: If suzeczedad, tns function EQ(F(X);Y) raturns Y as a rasult. It seans
liks 21 radundant function of f(X,Y). But if ths sacond onz rsturns i logical
valuz a3 a rasult, thes ficst one chacks tae logical pradicate and rsturns taz
values Y or ¢ wasthar thz pradicate i3 truz or aot. Dzpandinz oa tn2

situations, it will o2 mors interssting to us2 tanz fiest one ~or tne 3zcond
daz.

2) UPDATING PRIMITIVES

An updating of 1 samantic astorg consists in tae craatioa or tne delstioa of
3012 ares, preceadad or followsd by taz cr2ation or dzlstion of taz
corrasponding aodes  possibly. Nodas arz cresatsd Dby tas statamant
L1(CATEGORY,x) wnzrz CATEGORY stands for on2 of taz Fourtn catagoriass ENTITY,
ATTRIBUTE, INSTANCE and VALUE. Araes ars crsatad Dy tna statamant £(x,y) wazrs
f i3 tne peradicats waisa dafiass thz.aros linkinzg x and y. If ta= aodes x and
y alre2ady =xist, thza only tas peadicate £ i3 ereatad D2twa2a Lazm; octaawisa
oota tne2 nodes and tn2 pradizate ez created. Taz dalstion of 3ucn an ire i3
o accomplisnad oy  tas statameat NOT(F(x,y)). Tas delstiosn of a nods issunas
taat all its ralated ar2s ar: ilrsady d=lsted and is  done 0y tane statzmeat
NOT(1(CATEGORY,x)). Azcordiaz to tas dafiaition of £, if x 3and y are nutually

lacompatiola, £ taxkes taz uadaefined valus |.

4-3- FUNCTIONAL FORMS
Tasy esssatially coincide wita tas  sat oparations uaion, diffzrzacz aad
iatarssction plus aa orizinil composition callad product applizd to tas

orimitivss, Tasz commutative, associabive and disteioutive propectiss of tazsz
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dp2rations characterize tns composition lows 3ad nave tae 3amn2 rolzs as the
syatactic and tnz samanticz rules in the_ usual programniaz laazuazss. Tazy
1lso peranit  to replace one query 2xpression by anoﬁher wnicn could bz easise
to 2valuat=s. A tabls summnarizing tas allowadls compositions is given in tne
appandix. W2 wWwill likewise consider ~3everal 3onstructioné witn Booleén
functions as functional forms sv=a if tney ars mors writiang coaventioas taan

2ompositions.

1) UNION OR SUM OF FUNCTIONS

If Y1 and Y2 deaostz tas sebs rasulting from tne fuactioas F1.and F2,
respactivaly, and if tnsy balong to tnz sanz 5atagory of aodes, tazn, oy
d2finitioa:

F1(X) + F2(X) = Y1 U Y2
{y/ f1(X,Y)=T or fZ(X,Y)ZT}

I-1 (F14F2)(X)

anzr2 U represants the uaioa of ssts. If Y1 aad Y2 do aot belonz to ths sans

- cabzzory of aodss, w2 W#ill say thab tane sun i3 undafined and we Will reprasaat

‘it by taz symbol 1. For =xample,

G(EMPLOYEZ) + S(EMPLOYEE)

{PERSON} U {TEACHER,STAFF_MEMBERS}
{PERSON;TEACHER,STAFE_MEMBERS}.

(G+S) (2MPLOYEE)

(G+P) (EMPLOYEE) = G(EMPLOYEE) + P(&MPLOYEE) = 1

Dacause ths rasults of *G and P are iacompatipblz (do not Dpelonz to taz sans

catazory of nodas).

PROPERTIES OF THE 3UM

®

T

- Taz sun is commutative: since tae ocder does ot nattar in s2ts, ~2 may
Acite:

I-2 (F1+F2)(X) = (F2+F1)(X) = F1(X) + F2(X)
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- Taz sun i3 associativae:

I-3 ((F1+F2)+F3)(X) = (F1+(F2+F3))(X) = F1(X) +F2(X) + F3(X)

- Tas sun a3s 2 asateal 2lanent: £o expr2ss sverytaing ia a2 functional fora,

42 W1ll  3ssuns thnabt tas oobjects Xi are zzro-adic fuactions wadse rasalts ars

Vs

X1 tazmsslves. Anong thass fuactions, tnars 2xist two particular, ¢ aad 1,
Wwaizn produce taz ampty set and tn: uadafinad ooject raspactivaly. Tas
fanctioa $ is taz asutral zlement of tas sun:

-4 F(X) + ¢ = F(X)

- Taz sun Jdo=3 aot produce symsteic =la2nzats out it nas aa 1080roing 2lamaat,

I-5 F(X) + =1
fron waiza w2 nay daduca:

-6 &+ 1

=l+ro=1
I-7 Lel=1 aad

I-9 £+i)~:_i2_

0) DIFFERENCE OF FUNCTIONS
42 definz the diffzranz2 of fuantinas a3 followWs:

II-1 (F1-F2)(X) = F1(X) - F2(X)

{y/ £1(X,y)=T 2ad £2(X,y)=F}.

H u

For exanpls,

S(PERSON) - S(TEACHER) = {3TUDENT, EMPLOYZE} - {STUDINT, PROF} 2 {EMPLIYEE}

PROPERTIZS OF TdE. DIFFERENCE

- Tas differenca is aot zomnutativae. IF Y1 ind Y2 ars th2 rasulting sats of
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F1 and F2 respzetivelly,
{y/ vy €Y1 23nd y € Y2}

{y/ y € Y2 and y € Y1}

(F1-F2)(X)

(F2-F1)(X)

But it 1s 23sy to demonstrats that tazy ars as3ociative:

‘} :/:5 II-2 (F1-F2)(X) = (F2-F1)(X)

II-3 ((F1-F2)—F3)(X) = (F1-(F2-F3))(X) = F1(X) ~ F2(X) - F3(X)

- I'ns differsnce has 9 as 1 rigat azutral slameat:
CII-b F(X) - b = F(X) out § - F(X) = |
- Taz differsace has | as an a0sorbing slament:

- F(X) = |

II-5 F(X) - | = |

2) INTERSECTION OF FUNCTIONS

It is tas common 32a3 of ilatarsaztion of sats. W2 denote

ITI-1 (F1xF2)(X) = F1(X) x F2(X)

{y/ £1(X,y)=T and f2(X,y)=T}

As for th2 sum, w#2 assuns taabt th2 results of F1 and

otharWisz tnz iaterssction of F1 and F2 is uadafinad.

2mpty if the resulting szts of F1 aand F2 arz compatiols
2xamplz,
(PxS) (EMPLOYEE) = P(EMPLOYEE) x S(EMPLOYEE) = !
(GxS) (SMPLOYEE) = G(EMPLOYEE) x 3(&MPLOYEE) = §
S(PER3ON) x G(TZACHER) = {EMPLOYEE}
PROPERTIES OF THE INTERSECTION
- Ta2z iaterss2tioa zonnutative and  assoclative

i3
alanant. Howesvar, it 135 bwo 1030rding 2lamneats ¢ aad |.
F(K) x 9 =9
III-3 F(X) x| = |

III-2

If F(X) ='L; W2 assum2 tnat III-4 |
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- The intersection is distributive with ths sum: .This is tas wall «aowa
rasult in s=t tneory.

ITI-5 ((F1+F2)xF3)(X)

(F1(X) x F3(X)) + (F2(X) x F3(X))

III-6 (F1x(F2+F3))(X) = (F1(X) x F2(X)) + (F1(X) x F3(X))

d) THE PRODUCT OF FUNCTIONS
If Y1 and Y2 ars tia2 r2zulting s2ts of F1 11d F2 rospactively, ths produzt of
F1 and F2 is d=finad as:

V-1 (F1¥F2)(X) = FI(F2(X)) = F1(¥2) = 11

{y1/ 1y2, £1(X,y1)=T and f2(y2,y1)=T}

provided tnat F1 bs d2fined oa Y2, otherwisz tne result is andafianad 3ad will
02 dznotad |. For axampls,
S(G(EMPLOYEE)) = 3(PERSON) = {EMPLOYEE,STUDENT}
dazn ta2 san2 fuaction is racarsivaly applisd a tines, it is deanoted:
-2 FUX) = S(F(F(...F(X))...)) |
For =xamplsz, GMQPROF) = {EMPLOYEE}. Ganecally, if we do aot kaow tna iadiaze
n, w2 Wwill thus dznote this Ffuaction as: F*(X) and will tnea ecall it taa2

transitive taezst of taz are F. For examplz, G¥(PROF) = {PERSON} is tas

transitiva tarzat of 3 going out from PROF. Tais aotitioa is 1 3inplifiad
forn of tn2 racucsive aotatinag proposad oy Bacxkus:
F1=(C==>F2;F1) <==> F1= if C is True

then F2 (2xit condition)
2ls2 1 (recursive 21all).

In our adaptatisa, tas ooundary condition, C, always satisfias o taz

(]

. : * . Lo . . . .
peadicats F(X)=9 ia ta2 cass of F¥(X) or to taz peadizate <=a in tas 2133 of

Y]

={n v . . 5 . . o .
t )(X). Taz racuesive  2all is rapeasaatad oy tna 3ynpol * or tnz iadizz a.

T2 c2sult of tas functioa is tas last st Y ootained bafores ® or it tas

indice «=n. Tais fuactional Form is aspecially applizaols to taosa fuactioas

dafinzd with teansitivs ares lixks gy 33ad d or any transitive association

nors29/9/83 22 Bouz2znouo

»



dafined by the =nd-user. If ws assume tnat
-3 FAK) =X am -4 ) = F(X)
. Laen 3 usaful fuactional form could be derived from I[-2 and IV-2:
* _k
F (X)
Y,

FU) + FX) ¢ B 4 e+ FRYO)
X+ F(X) + F(F(X)) #eeet F(F(FeeF()ead))

w-5 FYx)

i

I'nis functionial form 32arcnss a te2z aand cetuens thé 32t of all its aodss
Wasreas F*(X) gives 5nly tne set of its leaves. FT 15 called taz  oeaasiiiee
closure of the arc f. For 2xampls, to snow tas usefulnass of tais fuaction,
considse GT(PROF). If w2 comoine tais functional form witn tas peinitive P,
tasn it yislds the sat of all attributes of PROF, bota spacific attributes and
inasrited attrioutas:

P(G*(PROF)) = [OFFICE NUM,SSN, T&L, RANK, NAME, AGE, ADDRESS)

PROPERTIES OF THE PRODUCT

- Ta2 product is not commutative. Inde=d, if Y1 and Y2 are the rasalts of F1
aad F2 respactivaly, w2 will aavsa:
Y1

(F1¥F2)(X) = F1(F2(X))

Y2

} } ==> IV-6 (F1%F2)(X) £ (F2%*F1)(KX)
F2(£1(X)) ‘ :

(F2%51) (X)
- T'ne product of functions is associacive:

V-7 (F1*(F2%¥F3))(X) = ((F1#F2)¥F3)(X) = F1(F2(F3(X))).

- Taz broduct of functioas does aot aave a azutral 2l2maabt aad tnza do2s  19e
producz  symmstric elsmnants. 3ut, oy Jafinition, it nas | a3 aa 2030r0ing
alan=at:

-8 #(1) = |

Also oy d=finition, w2 Wwill 3ay that:

W-9  #() = |
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- Tae product is distributive with the sum: As we have previously said, if we "
2oasider ths objacts, Xi, as zzro-adic fuanctions and F(Xi) as a1 produst of
funztions, taza by dafiaition, tne product is distrioutive with ta2 sun.
Indzed, tas previous definition of ths saa

(F1+F2)(X) = F1(X) + F2(X)
may o2 parceivad as a rizat distrioutivity of tne produzt wita tne sun.
Li<ewisz, |

F(X14X2) = F(X1) + F(X2)
may oe percaivad as tne laft distributivity. Taen,

IV-10 ((F14F2)*F3)(X)

(F1+F2) (F3(X))
F1(F3(X)) + F2(F3(X))
and

Rl

F1((F2+3) (X)) = F1(F2(X)+F3(X))
F1(F2(X)) + F1(F3(X))

IV-11  (F1¥(F2+F3))(X)

1n u

Applying tns commutativa proparty of tas sun and the distriopuciva proparty of
tae produst with tn2 sum, w2 caa 2a3ily damoastrats tane followiaz rasults:

V=12 (F1+82) (X14X2) = F1(X1) + F2(X1) + F1(X2) +r2(X2)

f]

and

V=13 (F1%F2) (X1+X2) = F1(F2(X1)) + F1(F2(X2))

and

X1+X2) x F2(X1+X2)

V=14 (F1xF2)(X14%2) = F
= (F1(A1+F1(X2)) x (F2(X1)+F2(X2))

—_ o~

- I'n2 produzt is aot distrioutiva wita tae diffarznz=:

LV-15 F1¥(F2-F3))(X) = F1(F2(X) - F3(X))
£ F1(F2(X)) - F1(F3(X))

- Tae produst is eizab disteibucive wita tas interszction:

(F1xF2) (F3(X))
F1(F3(X)) x F2(F3(X))

IV-16  ((F1xF2)*F3)(X)

out it is not 12ft distributive:
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Iv-17  (F1*(F2xF3))(X) = F1((F2xF3)(X))
F1(Fz(X) x F3(X))

F1{F2(X)) x F1(F3(X))

L, TN

2) CONSTRUCTION ON THE ARCS
If £is anarec and yi and zi are tas 2lements of the s2ts Y and Z
re3pactively, then the following statemants ars corract, oy dafianition:

f(y1,21)
: £(y2,21)
V-1 f‘(Y,Z1) <===> DR RN RN

f(yn,z1)

£(y1,21)
£(y1,z2)
V'Z f(y1,Z) <:=: cev s e
f(y1,zn)
(£(y1,21)
' f(y2,21)
V-3 £(Y,Z2) <==2> < f(yn,z1)
t(y1,22)

ee e 0 00 00

(F(yn,za)

If Y and Z arz thz rasult s2ts of F1(X1) aand F2(X2) respactivzly, tasn

Trus <===> Vyi € Y, Vzi € Z, f(yi,zi) =T
V-4 f£(Y,Z) is

False <===> qyi € Y or 321 € Z / f(yi,zi) = F

N2 nay also writa:

V-5 f‘(Y,Z)l {z===> f(F1(X1);F2(X2))

Now, w2 gziva tarse 2xanpias of quarizs. Taz fiest oas e2taras tha youaz

(7]

studz2ats (2.3. tnosz wnose tne agze is l2ss tnan 20) aad taz 33c0nd returns tas
300d studants (=.3. taosa #1032 tas mark i3 greater taan 14). Taz taied quary
r2turns tanz students wao- ares youag out not zood.
i - T(BQ(A(AGE) ; STUDENT)) x A(LT(I(AGE);20))
ii L(ZQ(A(MARK) ;STUDENT)) x A(ST(I(MARK);14))
iii (I(EQ(A(AGE);3TUDENT)) x A(LT(I(AGE);20)))
- (L(EQ(A(MARK);STUDENT)) .x A(GT(T(MARK);14))).
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4-4. DERIVED FORMS3

Functional forms ars obtainad oy composition (sum,peroduct,...) of prinitiva
functions. Dsrived forms s22n morzs liks prinitives tnan like fuactional Farms
since taay ars defianed wita the basiz pradicatass (ares). 3ut iastead of asiazg
on2 pradicats to dafine onz fuaction as it was done for prinitives, w2 us2 a
comdbination of savaral predicates. Wz distiaguisa two categoriss of darivad
forns, taz fiest order darived forms and tas szcoad order darivad forns. W2

Aill samnarize than nsr2aftar.

a) THE FIRST ORDER DERIVED FORMS

Froa tns previous primitives, w2 may dzfiae azw suo-categzorias of oojeets ovar
waica w2 4ill defin2 aaw fuactions. For exampls, I(X) aad S(X) dscaraias two
szts of opje2ts over sniza w2 2an dafine tas S functing 13 follows:

37 I(X) ——-=- > P(3(X))
$'(x) = {y/ i(X,x)=T and s(X,y)=T and i(y,x)=T} "

10: Tan2 first order darivad faastion 37

Tnis dsfinition could o2 rzpra2s2atad oy taz Figuee 10. w2 ~ill 23all tnis
function the darived fora of S sita respzet to I aad w2 will denotz it
ST (x;1(X)). For  =2xample, 3'(wAT30N;I(PaR30N)) patucas  tae  astual
spacializations of thz parsoan WATSON, wailz S(PER30N) raturas taz all po33iols
3paciializations of any PARSON., W= may tads issociate to 2as2n orilanitive ics

derived form, out tais form ‘i3 not always of iatersst. Taz following

"
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2quations zeneralize tae dafiaition of tnz first order derived forans.

F27 : F1(X) -==-- > P(F2(X))
F2' (x;F1(X)) = {y/ £1(X,x)=T and f2(X,y)=T and f1(y,x)=T}

The'ekpﬁassion of the above statenaat may be simplifiad since W2 oanly study
tna derivad forms witn raspact to I. Thah,

F2' (x;T(x)) = F2' (x;X)
Witn this sinplification, ths previous examplas zould o2 Writbten as follows:

37 (WAT3ON; PERSON) .

o) THE 3ECOND ORDEZR DERIVED FORMS

Also in tnis saction, w2 assume taat tnz derived foras are dafined Jita
ra23pzsct to I. Tnesz2 forans gre denoted F'’ aad ace ootainad oy taz following
définition: |

B (x;(X,Y)) = {y/ £(X,Y)=T and i(X,x)=T
and f(x,y)=T and i(Y,y)=T}

Inis dsfianition i3 illusteatzd oy tne Figucz 11.

X i )
oe___ o , X

P

for 2xanplz, P’ may o2 dafiazd a3 Follows:

P’ (x;(X,Y)) = {y/ p(X,Y)=I and i(X,x)=T
and p(x,y)=T and i{Y,y)=T}

If x stands for WATSON, X Ffor PZRSO§ aad  for  ADDRESS taza,
P'? (WATSON; (PERSON, ADDRESS)) raturns tns  sat of 1ddressas of ta2 paeson

Wwatsoa.
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2) COMPARING FUNCTIONAL FORMS AND DERIVED FORMS

=
<

Taz derived form S? (WATSON;PERSON) (Fizure 12a) caa 2a3ily be mappad to tn
following functional fora (Fizure 12b):
C(EQ(I(PERSON);WATSON)) x S(PERSON).
PERSON WATSON

WATSON
—— .__.___._‘-A.a‘

3. 12: First ordar darived Form aad funatisaal form.

Notizz tns concision of tnz darived foram comparad to tne fuanctional foram. Tasz
napping of P’ (WATSON; (PERSON, ADDRE3S)) (Fizuesz 131) is (Figurz 130):

P(EQ(I(PERSON) ;WAT3ON)) x L(EQ(P(PERSON) ; ADDRESS))

PERSON i PERSON i WATSON
[ ° >0
i
| | i
P i ra 4,,-.-.-\\\
P | e .
i /
I Ty
-] Ee—— I // \/‘/‘,’_ __..’_a.ll‘/f \\
OBy | \
(a)

N

3. 13t Szcoad ordzsr d2eived forn and fuactionil foen.

T)
—

!

Caoosing darivad Foens iastead of fuanctional foras, tas pravious quariss w4aian

r2turn younz studants aand 200d stud=nts can 02 2xpra3sad a3 fLLows:

YOUNG STUD:

3 A’* (LT(I(ASE);20); (AGE, STUDSEAT))
300D_STUD:

A”(3T(I(MARK);1U);(MARK,STUDENT))
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As wita primitives, derived Fforms may b2 combinad 2ach other or wita

fuanctional forns using tnz composition lows defined earlier.

5- THE EXTENSION OF THE LANGUAGE WITH NEW FUNCTIONS.

[

W2 nave already statad that to declares asw arcs (associations), we use the
statamants:

2nrollad(X,Y) => ~(EN,EN)

lovas(X,Y) => r(I3,I8)

lik2s(X,Y) => r(IE,EN)
[> d=fins tas corresponding prinitivés Lo tnesz arcs, w2 use tnz following

3tatanants:

primitive name => R(arc_nans)
or prinitive namz => R*(arz ananz)

R* i3 us2d for traasitive ares. For examplé, Lf w2 us2 lowsr casa for arcs
and uppar casa For primitvas,

ENROLLED(X) => R(=arollad)

LOVES(X) => R"(loves)

LIKE3S{X) => R(lixes)

_Nith 23cn fuactioanal forn (compositiqn of prinitives or darivad forms), w2

nay associite 3 nans and subsaquzntly r2f2r to tals fuactional farm oy its
nimsa. Tais 1is espeqially usaful wned bna fanztional foram i3 2 complax
eduabion anich is rafarrad to too Fraquéntly. It is also a zo0d way to
introducs variaolas in fanctionallforns. Noticz taat a d2finition establisnas
'ﬁn 2quivalaacs o2tws2n 3 symool aad aa =23uation oanly out dozs aot inply taz
2valuation of tnis =guation. IW3 Will usz onz of tas following stactsnzacs to
d=s2larz tnaes:2 ananas:
(1) nams  => ff - wnere  ff i3 ctas functional Fora. For 2axampls,
STUD_ATT:P(G*(STUDENT)). Tasa w2 nay writz  I(3TUD ATT) iastzad of
I(P(3* (STUDENT))). Tne .33t of studsats wnos2 g2 is 1233 tnan 20 is 2allad
YOUNG_STUDENTS and is defiazd as follows (Fizurs 14):

YOUNG_STUDENTS => I(ZQ(A(AGE);STUDENT)) x A(LT(I(AGZ);20))
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Fig. 14: Sslection of young studzabs.

or if w2 use derivad forn: .
YOUNG_STUDENTS => A’' (LT(I(AGE);20);(AGE,STUDENT))
Also w2 may define GOOD STUDENTS as follows:
GOOD_STUDENTS => I(EQ(A(MARK);STUDENT)) x A(GT(I(MARK);14))
or if W2 usz derived forn: ,
GOOD_STUDENTS => A’ (3T(I(MARK);20); (MARK,STUDENT))
and YOUNG BAD STUDENTS as{
YOUNG_BAD_STUDENTS => YOUNG_STUDENT3 - GOOD STUDENTS
and YOUNG GOOD STUDENTS as:

YOUNG _GOOD STUDENTS => YOUNG_STUDENTS x GOOD STUDENTS

(2) namz(arzl,arz2,...) => ff wazrs argi ars callad varizolas aad must appaae
in ths fuactional forn ff at l2ast onca. Tais dafinition aas 2xaztly tans san2
rols as the pracazadiag ons ax22pt it iabroducas vaciadlas ia functioaal foras.
For 2xamplsz, lat X be a variols, |

axt(X) => P(I(X)) x I(P(X))
dafines 2xt a3 a1 fuaction waicn computas taz tuples of valuss characteriziag
the enpity nods X. To svaluate tnis asw function, w2 must iastaatiate tna

variaols X. For sxanple, 2xt(PERSON) or 2xb(STUDENT).
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6~ SOME GENERAL PROPERTIES ON THE SEMANTIC NETWORK
Bafore listing sone of tn=s2 propartizs, #2 first dofine now to express tae
cafdiaality coasteraint using MORSE laaguags. Tns =valuation of =zacn function
at thes poiat Xb, returns 3 32t 2 of wvalues. Wz will denotz2 Card(2) ta2
cardinal of tnis 33t. Wnen Card(2) satisfias ta= equaﬁian n<Card(2)<n, W42 nay
weite Card(2) € [mya] or usinz an aousive aotation Card(e)=[m,n]. Taz
interval [m,a] is callad tae cardinalities of tasz variaols 33t 2 anl Lo
valuss m@m,a ar2 callad tae nianinal and tns maximal cardinalities raspactively.

Using tais naw functioan Card, tans Boolzaa fuactions, tne prinitives, tae
darivad foras aand taz funstioaal forns, w2 can statz tns following iatzrestiag
propartizs waiza can oe dsmonsteatzd easily.
G1 if s(X,Y)=T tnen IL(Y) € I(X)
G2 if s(X,Y)=T and s(X,Z)=T then I(Y) + I(2) € I(X)
33 X, I(3(X)) € I(X)

Bawars, I(X) = I(S(X)) does aot imply X = 3(X)
G4 if 3(X,Y¥)=T and s(X,Z)=T aad Card(I(X)) + Card(I(Z)) > Card(I(X))

taza I(Y) x I(Z2) 4 ¢

Tnis latizr rasult nay o2 epressed usiaz darived forns:
35 ¥x € I(X), if Card(3’(x;X)) > [1,1] tn=zn I(Y) x I(Z) £:§
35 if G(X) = {Y,7} tasa I(X) = I(Y) x L(2)
G4 aad G5 formulas saow us tae cocrslation that axists ostwsan cardinalities
and intersactions. Using oaly tnz function Card, we 210 2xpr233 taz ootn
coastraiats of 2ardinalitiss and iatarsaztioas. Taus, dnecxing tnat a p2r300

133 only oa2 namz aad several addessses i3 =2quivaleat £o za2sk tne followiag
¥x € I(PERSON), Card(?”(x;(PERSON,NAME))) = [1,1]

¥y € L(ADDRES3), Card(P?’ (y;(PERSON,ADDRESS))) > [1,1]

In tn2 sanz way, tnz fact tnat PROF aand INSTRUCTOR ar: axclusive 2aa o2
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2zpre3s2d by tne following predicate:

¥x € [(TEACHER), Card(S’(x}TEACHER)) = [1,1]
If a teacner may o2 a staff membar taen,

JIx € I(EMPLOYEE) / Card(S?(x;EMPLOYEE)) >= [1,1]
I'nz 2ase of STUDENT and INSTRUCTOR waizn are not dirsctly linked to tn=2 san2
zeneriz node, and discussad peeviously (saction 2-3), 2ould o2 solvad oy tns
followinz pradizata:

T(3TUDEND) x L(INSTRUCTOR) # P.

7- CONCLUDING REMARKS

In tals papar, w2 navs dascridad two mnijor topizs. First, w2 nave dafinad 1

Samanbiz  Network wita a few ouilt-in pradicates for waicn someons nay add any
predicate spacifiz to ais or aer applization. Nodes and ares of tais Szmantiz
Network ars placad into categoriass to make surs  taat  saeh ooject 1s wall
12finsd.  Som2 iatezrity constraiats znnance tas Senantics of tals modzal. As
tnis modsl allows to rapraszat bdota Eypes aad iastances in tas s3an2 3caama,
tas classizal distinctioca ostw22a scnzna  aai datapbass dasappéars. Ty
inplamanta tnis «ind of senaati- netwobk, it was suggastad ia [BOUZ33] ¢to
Ceansform 1t ia a2 ralational datapasa witn a 3reabt varizty of iatezrity
20astraiats to capturs taz lost steuctural samantios of taz fiest scazna.
Howsvar, some simplifizatioas arz nads 1ad somas proolans acz iznored. For
3xample, 1in tas Samaatic Natwork, sevaral diffspant spacializatioas ac2 aot
1llowzd fbr 3 zivea aods (i.2. W42 cannot 322 EMPLOYEE as TREACHER and
STAFF_MEMBER on tnz onz haad and  as CONTRACTUAL EMPLOYEE  and
TEMPORARY_EMPLOYEE. on taz otazr anand). Also racuesive applizationa  of
aZ3ragation. ares arz aot studizd aad  the category of zoastraiabs is aot
complately listad. Taz axist=abtial aai universal quantifizes aave £Oo 02 mor2

Formalizad.
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S=cond, aft;r reviawing fuactional programming; We nave ‘proposed El
functional gusry lanzuagze to manipulates tois samantic networ<. It consists of
prinitives, dseivaed foras and fanctiopal forns. Tais 1laaguaze p2raits botn
2onsulting, apdating and exprassiag constréints. A very simplz coastructions
pérmit to inbtroduce wvariaolas aad to define n2w Ffunctions. Spacifia
propartizs of this languags and g2n2ral propertizs of thzs semnantic nstwork ars
daduc=d.

Finaly; liks the famous t=legraphicz cods of tne sine nan2, MORSE statanénts
ar2 not easily re2adaole for ‘non-experts in ’Functional prozramning or in
mibhamabical aosteactions. Thus, to facilitate intarictions, quarizs nave ©o
03 aatonaticaly sncodad and decodad just like morss messazes ara. Iateefacing
tnis sympolicz laanguizs wita tas Natural Lanzuazs wWould de an =xciting. suojact

22ertainly.
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APPENDIX
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The following table shows the permissible products of functions. For the

other compositions, the rule is very simple: the resultsof the two functions

must belong to the same node category.
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